Magnetic refrigeration is a new environmentally benign technology and a promising alternative to conventional vapor-cycle refrigeration. The household refrigerator without a freezing compartment shows very good prospects for a successful application. This article starts with the general principle of magnetic refrigeration. An example of a magnet assembly is proposed and the corresponding magnetic flux lines are evaluated with a three-dimensional finite-element method (FEM). The maximum specific cooling capacity of magneto caloric materials is described.
Introduction
In 1881 Emil Gabriel Warburg (1846 Warburg ( -1931 discovered the magneto caloric effect in an iron sample.
It heated a few Millikelvin when moved into a magnetic field and cooled down again when it was removed out of the field (Warburg, 1881 ).
This technology was successfully applied in low temperature physics since the 1930's to cool down samples from a few Kelvin to a few hundreds of a Kelvin above the absolute zero point (-273.15 K).
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effect (Pecharsky and Gschneidner, 1997a ). This publication and some following one's by these authors (Pecharsky and Gschneidner, 1997b) 
Magnetic refrigerator
Rotary magnetic machines work like rotary heat recovery machines applied with success for decades in air conditioning.
A first step is the magnetization of a porous solid magneto caloric structure in a magnetic field, followed by a simultaneous heating-up of the material.
By a fluid flow this structure is cooled, and after that it turns out of the magnetic field and shows a demagnetization process. Here the magneto caloric alloy becomes cold and is heated by a fluid, which preferable has the opposite flow direction to the first flow. If the hot fluid on one side is used, it's a heat pump application; if the cold fluid is applied then the machine is a cooler or a refrigerator.
In Figure 1 a magnetic assembly with a porous magneto caloric wheel containing two regions of intense magnetic field and two regions of low magnetic field is presented. 3. The theoretical maximum specific cooling power
Essential information for a design and analysis of a magnetic refrigerator is the cooling capacity of the magneto caloric material. The maximum specific cooling energy of a magneto caloric material (see Figure 3 ) is directly related to the entropy and temperature change, which occurs due to a magnetization/demagnetization of the magneto caloric material. To obtain a maximum cooling capacity, a welldefined domain around the Curie temperature T C has to be taken into consideration.
The maximum specific cooling energy of a single material is obtained by an isothermal demagnetization at Curie temperature (see Eq. (1)), while the maximum temperature change is obtained by an adiabatic magnetization also at Curie temperature:
The Δs(T C ) presents the total entropy change at Curie temperature. The maximum specific cooling energy is obtained only with cycles, as e.g. the Ericsson (two isomagnetic field processes, two isothermal processes) or the Stirling (two isomagnetic field processes, two isothermal processes) by also applying a regenerative process. The Carnot cycle cannot perform a so large specific cooling energy compared to the two above described cycles. The same is valid for the Brayton cycle (two isomagnetic field processes, two isentropic processes). With the frequency of a machine it is possible to define the theoretical maximum specific cooling power as follows:
The specific cooling power of magneto caloric material may be large even for low magnetic field changes (see Figure 4 ). However, high frequencies These results show that the frequency of operation depends on the characteristics of a magnetic refrigerator. The reason for this is that a higher velocity of the working fluid leads to a higher-pressure drop and, therefore, also to higher irreversibility's. 
Physical modeling of the magneto caloric generator
The physical modeling of a rotating porous rotor made of magneto caloric material is described in detail in an earlier article by Kitanovski et al. (2005) . It is based on two main simplifying assumptions:
1) The rotation frequency f of the ring is low compared to the inverse characteristic time of residence of a fluid lump flowing vertically or horizontally through the porous structure.
2) The heat conduction through the rotor in axial direction is negligible compared to the heat flux by convection.
The magneto caloric porous ring has been divided into two principal kinds of cells, as it is shown in Δφ and Δz denote the differences in the azimuth and in the axial direction, respectively.
Border Cells
The virtual elements, describing in time changing sections of the wheel, are related to real physical parts (2-d plans are drawn for their representation (see e.g. in Figure 6) ). In the border cells the reversible adiabatic temperature transitions, induced by the alternating magnetic field in the rotor structure, were implemented. The adiabatic temperature change, as a function of the magneto caloric material temperature and the magnetic field change, was determined by mean field theory calculations.
Programming a Full System
The chosen object-orientated language is Mo- In the present case, the thermodynamic COP of the first stage is 66 and of the second 60. The second stage is less performing, because it is operating more distant from the Curie temperature of gadolinium than the first one. The efficiency of the full system will be necessarily much lower, because it will take in account efficiencies of every component of the system, e.g. pumps, heat exchangers, etc.
The refrigerator possesses a simple regulation system, which guarantees a certain stability of the inside air temperature by an alternating sequence of an "ON" and "OFF" mode, as it is shown in Figure 9 .
The investigated refrigeration unit with a two-step cascade working with a mass of totally 536 g of Gd cools 10.5 kg chocolate 7 K in approximately 14 hours. Another kind of system, e.g. regenerative system (see Figure 10 ) can now easily be implemented for a similar analysis. 
Conclusions
In this article magnetic refrigeration is described and a rotary system is investigated. The maximum specific cooling energy that can be extracted from magneto caloric material has been determined. The 
